In recent years, attention has been focused on pleiotropic directions of effects exerted by vitamin D. Epidemiological data indicate that deficiency of vitamin D in various population groups represents an increasingly widespread phenomenon, while a decreased serum concentration of calcitriol correlates with manifestation of civilization-linked diseases, including visceral obesity. This study aims at a review and synthesis of data linked to relationships between lowered vitamin D concentrations in blood and manifestation of obesity, and potential mechanisms which affect the concentration of the vitamin in conditions of an excessive accumulation of adipose tissue. Several variables are distinguished which can affect the status of vitamin D in obesity, but the key role in this respect is ascribed to the metabolic activity of visceral adipose tissue. Among others, the activity favours sequestration and modulation of calcitriol turnover. On the other hand, the effects of vitamin D on the process of adipogenesis and its involvement in remodelling of adipose tissue are pointed out. Also, several factors of an environmental nature (e.g. time of year/day, dietetic supply of vitamin D), genetic nature (e.g. genetic polymorphisms) and other conditioning (e.g. coexisting diseases, age, content of melanin in skin) cannot be bypassed as they may affect the concentration of vitamin D. Nevertheless, it still remains unresolved to what extent hypovitaminosis D represents the cause and to which it is the effect of obesity.
INTRODUCTION
Vitamin D represents a nutritive component indispensable for the maintenance of calcium-phosphate homeostasis and control of bone metabolism. The compound, classified as fatsoluble, was discovered in 1919, as a potential anti-rachitic factor [1] . Vitamin D may be present in a few forms. The first, calciferol (vitamin D 1 ) is present mainly in cod-liver oil, the other, ergocalciferol (vitamin D 2 ) is supplied with nutrients (plants and mushrooms), while the third and most common, cholecalciferol (vitamin D 3 ) arises first of all due to dermal synthesis (with involvement of UV rays), and, in a small proportion, is supplied with food products, such as milk, butter, fish and some mushrooms [2] .
In recent years, the intense development of molecular biology and diagnostic methods have resulted in the identification of receptors for the active form of vitamin D in organs and tissues which are not involved in control of mineral metabolism. Therefore, the vitamin was beginning to be ascribed to another, pleiotropic direction of activity [3] . In line with the recommendations of scientific research centres, including that of the Endocrine Society of 2011, it is accepted that the reference values of vitamin D concentration in blood should exceed 75 nmol/L. The levels of 50 -75 nmol/L point to decreased concentrations of the compound (an insufficient level or hypovitaminosis), while concentrations of vitamin D in blood below 50 nmol/L, indicates deficiency of this vitamin [4] .
Deficit of calcitriol is thought to result in a number of negative consequences for health and are indicated to be correlated with manifestation of specific civilization-linked diseases, including obesity. In this scope a significant role is ascribed to visceral adipose tissue, thought to represent the largest in the body metabolically active organ with the capability to interact with vitamin D. However, neither the detailed causes of hypovitaminosis D in obese individuals, nor the primary etiology of the disturbance have been clarified or defined [3, 5] .
This study presents a review and synthesis of data on relationships between lowered blood vitamin D levels and manifestation of obesity, and on potential mechanisms which affect levels of the vitamin in conditions of an excessive accumulation of adipose tissue.
Turnover and cellular mechanism of vitamin D activity. The term of vitamin D is ascribed to the molecule consisting of four carbon rings (A, B, C, D) with a lateral chain. Due to its open B ring, the vitamin is classified within the group of secosteroid compounds. A provitamin D 2 involves ergosterol, while D 3 involves a cholesterol derivative, 7-dehydrocholesterol. Endogenous synthesis of vitamin D takes place in cell membranes of keratinocytes as well as in dermal fibroblasts, in which the earlier mentioned 7-dehydrocholesterol undergoes a photolytic conversion to previtamin D, cholecalciferol. The process takes place with the involvement of sun UVB rays of 290-315 nm wavelengths, while the duration of transformation amounts to around 30 minutes. Previtamin D produced in the processes is sequentially released to intercellular spaces and to blood circulation [6] .
Independently of the pathway (exo-or endogenous one) in which vitamin D is supplied to the body, its metabolic activation is necessary. Therefore, its double enzymatic hydroxylation is required, involving a substitution of hydroxy group to respective carbon atoms in the molecule of cholecalciferol. The site of the first hydroxylation involves mitochondrial fractions of hepatocytes, in which 25-hydroxycholecalciferol (25(OH)D 3 , calcidiol) is formed with involvement of 25-hydroxylase, belonging to the group of enzymes of cytochrome P450. Calcidiol is the main metabolite of vitamin D present in the circulation, while its metabolic activity is slightly higher than that of cholecalciferol. At the subsequent stage of transformation, the second hydroxylation takes place, yielding the biologically-active form of vitamin D, i.e. 1,25-dihydroxycholecalciferol (1,25(OH) 2 D 3 , calcitriol). The process takes place in the proximal tubules of the nephron, and the enzyme responsible for the conversion is 1α-hydroxylase. It should be added that calcitriol, regarded as representing a vitamin D-related hormone, undergoes a specific feedback control: it is responsible for the synthesis of 24-hydroxylase, an enzyme produced in the liver which begins the catabolic pathway of vitamin D, inactivating it to calcitriolic acid excreted with the bile [6, 7] .
The process of hydroxylation with involvement of 1α-hydroxylase takes place also in, i.a., the large intestine, skeletal system, lungs, parathyroids, pancreatic β-cells, lymphocytes, monocytes or adipocytes. An extrarenal synthesis of 1,25(OH) 2 D 3 indicates the local needs of specific tissues and organs for the vitamin-related hormone, although its activity is assumed to be of a local character, auto-and paracrine production of calcitriol is linked to its ability to stimulate cell differentiation or its involvement in immunomodulatory processes. Disturbances in synthesis of the vitamin or its insufficient supply are regarded to be complicated by development of various diseases, including obesity [6] .
Calcitriol interacts with target cells through a specific nuclear Vitamin D Receptor (nVDR) belonging to the family of steroid hormone-specific receptors, acting as ligandactivated transcription factors. The gene of VDR (Vitamin D Receptor) is located on the long arm of chromosome 12 and it encompasses several polymorphisms. VDR manifests a domain structure which, in its free form, is present exclusively in the cell nucleus, but after complexing with the ligand (through the domain E) manifests its ability to interacti with other transcription factors, such as coactivatory SRC1 protein, manifesting the character of histone acetylase. The protein is capable of altering DNA structure and, in this way, of activating the promoter and beginning the process of gene transcription, linked in particular with the transport of calcium and phosphorus, including genes of osteocalcin, osteopontin or calbindin [8] . It should be mentioned that control of numerous genes involves also interaction of the nVDR-binding domain with specific sequences of DNA, termed the Vitamin D Response Element (VDRE) in promoter regions of specific genes. The process which precedes interaction of nVDR with VDRE involves the binding of the nuclear receptor to another receptor, the RXR (Retinoid X Receptor), formed due to conformational alterations. The heterodimer of VDR-RXR, of a transcription factor character, manifests the ability to interact with VDRE, and in this way participates in the control of numerous genes. Calcitriol is estimated to affect around 200 genes, with the reaction time at the genomic level reaching hours or even days [3, 6, 7, 9] .
The active form of vitamin D is suggested to be capable of affecting target cells also using an alternate mechanism, through receptors situated in cell membrane caveoles. Response of the membrane Vitamin D Receptor (mVDR) employs variable signalling pathways, most probably reflecting various spatial conformations of ligands, which bind to domains of the two receptors (e.g., 6-s-cis for mVDR and 6-s-trans for nVDR). It should be added that nongenomic interactions of vitamin D develop much faster, in seconds or minutes [8, 10] .
Role of adipocytes in metabolism of vitamin D. Reports of independent research centres indicate relationships between abnormalities in the metabolism of vitamin D and processes taking place in white adipose tissue of obese individuals. The phenomenon involves, first of all, alterations in expression of genes which code for the enzymes involved in the activation and turnover of the vitamin-resembling hormone [11] .
Expression of the gene coding for 1α-hydroxylase (CYP27B1), the enzyme responsible for hydroxylation of 25(OH)D 3 to 1,25(OH) 2 D 3 , was detected in the preadipocytes of mouse 3T3-L1 cell line, and in adipocytes in adipose tissue of Wistar rats [12] . Also, the expression was confirmed in preadipocytes and adipocytes of patients with the Simpson-Golabi-Behmel syndrome 1 and in cells of human mammary glands [13] [14] [15] . Moreover, the presence of CYP24A1 gene product, i.e. the enzyme which catalyzes calcitriol turnover, was detected both in mouse adipocytes, 3T3-L1, and in human adipocytes [5] . Results of experimental studies indicate that in overweight individual's expression of genes coding for individual enzymes responsible for the metabolism of vitamin D underwent a reduction. Expression levels of genes coding for 25-hydroxylase (CYP2J2) and for 1α-hydroxylase (CYP27B1) were reduced by, respectively, 71% and 49% in subcutaneous adipose tissue of obese individuals, compared to individuals of reference Body Mass Index (BMI) ( Fig. 1 ). It should be mentioned that in cases of a pronounced reduction in body weight, serum concentration of 25(OH)D 3 became elevated by 27%. Thus, dynamic alterations of the adipose tissue which accompany obesity or slimming down may affect the synthesis and serum concentration of vitamin D [16] . As mentioned above, the presence of vitamin D receptors was detected not only in organs responsible for osseous metabolism, but also in cells and tissues of other types. Expression of the VDR gene was confirmed in unilocular and multilocular adipocytes of mice and in the preadipocyte cell line 3T3-L1.
In the case of humans, few data of the range are available but there exist proofs that the expression of genes coding for vitamin D receptors may take place in human visceral and subcutaneous adipose tissue, in cell cultures of human preadipocytes and differentiated adipocytes ( Fig. 1) [5, 14, 15] . Mature mammary gland adipocytes in humans were demonstrated to manifest the ability to bioactivate 25(OH) D 3 and to convert it to 1,25(OH) 2 D 3 . This discovery suggests that adipocytes may affect the metabolism of vitamin D by their capacity to produce its active form which, subsequently, may be released locally to the microenvironment and microcirculation [5] . A similar role is ascribed to macrophages and cells of the connective tissue, the expansion of which can be noted in obesity, and in visceral obesity in particular. They provide potential for local hydroxylation and, in this way, they may affect the production of vitamin D [5, 17] .
Effect of vitamin D on adipocytes.
Apart from the ability of adipocytes to influence the metabolism of vitamin D, the potential is also indicated for the active involvement of vitamin D in processes taking place in adipose tissue. Studies in vitro suggest that 1,25(OH) 2 D 3 inhibits adipogenesis and promotes apoptosis in adipocytes of 3T3-L1 mouse cell line [18, 19] . Differentiation of adipose tissue cells remains under the control of induction involving certain transcription factors. The start of adipogenesis is accompanied by an increased expression of, among others, C/EBP protein, which binds to the nucleotide sequence of CCAAT (CCAAT Enhancer Binding Protein), Peroxisome Proliferator-Activated Receptor γ (PPAR-γ) and Sterol Response Element Binding Protein 1 (SREBP1) and, therefore, compounds which participate in the development of adipose tissue. Assumptions exist that the active form of vitamin D (in relation to its dose and duration of action) manifests the ability to inhibit differentiation of preadipocytes 3T3-L1 by alteration of activity of the abovementioned adipogenic transcription factors. In a consequence, production of the so-called adipogenesis markers (including lipoprotein lipase) becomes reduced at individual stages of adipocyte differentiation [5] . In parallel, it was shown that 25(OH)D 3 exerted no effect of the adipogenesis process in the mouse 3T3-L1 cell line [20] .
In contrast to the inhibitory effects of vitamin D on the differentiation of mouse preadipocyte cell line (3T3-L1) in humans, the hormone activates the adipogenesis process ( Fig. 1 ). In studies by Nimitphonga et al., on individuals with gigantic visceral obesity (subjected to surgery) mRNAs both for VDR and CYP27B1 were found to be easily detectable in visceral and subcutaneous adipose tissue. Also, an increased expression of CYP24A1 was detected in preadipocytes and newly-differentiated adipocytes in response to 1,25(OH) 2 D 3 . The results indicated that both forms of vitamin D, i.e. 25(OH)D 3 and 1,25(OH) 2 D 3 , show the ability to activate the differentiation process of human preadipocytes into mature adipocytes. In cell cultures exposed to one or another form of the vitamin-resembling hormone, a significant increase was detected in specific markers of adipogenesis, such as the level of mRNA for Fatty Acid Binding Protein 4 (FABP4), lipoprotein lipase and intensification of triglycerides accumulation. The data point to an active involvement of vitamin D in the metabolism of adipose tissue by stimulation of adipocyte differentiation. The probable mechanism of action manifested by the vitamin-resembling hormone is linked to the promotion of remodelling, involving substitution of mature adipocytes by new, insulin-sensitive cells of adipose tissue [20] . Results of the studies are consistent with reports of other centres performing experiments on animals. Mice with VDR knockout (VDR -/-) manifest lower amount of adipose tissue, hypotriglyceridaemia and lower concentration of total blood cholesterol, they are resistant to high energy diet which promotes obesity [21] [22] [23] . Analogously, mice with an over-expression of vitamin D receptor manifest signs of obesity even after exposed to low caloric diet [24] .
In recent years, reports haven appeared on the favourable effect of vitamin D supplementation on the process of reduction in adipose tissue. Studies by Rosenblum et al. demonstrated that 16 weeks consumption of orange juice of normal or reduced caloric value, fortified with vitamin D (100 IU -2.5 µg) and calcium (350 mg), promoted a significant decrease in the amount of visceral adipose tissue in a group of patients with excessive body weight (BMI within the range of 25 -35 kg/m 2 ), compared to a control group consuming the juice not fortified with the components. In parallel, the supplementation failed to induce decreases in body weight of the participants [25] . Similar results were obtained by Zhu et el., pointing to the fact that 12-week supplementation with vitamin D (125 UI -3.125 μg) and a calcium (600 mg) preparation favourably effected a decrease in visceral adipose tissue in overweight persons and those with obesity but exerted no significant effect on their body weight [26] . However, it should be added that in certain investigations no relationship could be demonstrated between supplementation with the vitamin D and alterations in contents of adipose tissue [27, 28] . Therefore, analyses within the scope remain equivocal, although they confirm a significant role of vitamin D in control of adipogenesis and of metabolic control both in humans and in animals.
Causes of vitamin D deficiency in obesity.
Visceral obesity or condition of excessive accumulation of adipose tissue exceeding physiological needs of the body, represents a growing problem for contemporary medicine. It is estimated that around 35% of the total human population manifests an excessive body weight (BMI exceeding 30 kg/m 2 ) and the trend manifests an increasing tendency [29] . Recently, as mentioned above, the attention of researchers is drawn to correlations between deficits of vitamin D manifestation of disturbances of metabolic character, including obesity [11, 30] . Few potential theories can be distinguished which engage environmental factors, genetic variables and other conditioning which may be responsible for a decreased content of the component in sera of obese individuals [2] .
Environmental factors. Among the principal factors which predispose obese individuals to lowered levels of vitamin D in blood (below 50 nmol/L) is insufficient exposure to UVB sun rays, which are necessary for endogenous synthesis of the hormone. Depending on the geographic latitude, time of *VDR -Vitamin D Receptor
Figure 1. Metabolic relationships with involvement of vitamin D 3
Source: own modifications based on [5, 14, 15, 16, 20] day and season, access of UVB photons to the skin surface may be restricted. In the autumn/winter seasons (among others, in most European countries) and, independently, in regions situated above 35 ° of geographic latitude (in both hemispheres), the intensity of sun rays is negligible and insufficient to induce biosynthesis of vitamin D [6, 31] . The element which restricts contact of the rays of sunlight with the skin involves also the clothing, which covers large areas of the body. To a significant extent, the problem affects obese individuals who are less prone to expose larger areas of their body to UVB rays than people with normal body weight (Tab. 1) [32] . On the other hand, the amount of synthesized vitamin D is directly related to the skin area exposed to rays of the sun, and one could expect that in obese individuals the process would manifest higher efficacy. However, analyses conducted by Wortsman et al. demonstrated that 24 hours after exposure to UVB radiation (at the dose of 27 mJ/cm 2 ) an increase 25-hydroxyvitamin D concentration in serum of persons with an excessive body weight was by 57% lower than in a group of normal body weight, with maintenance of similar 7-hydrocholesterol levels in all participants of the study [33] . Analyses of 1,25(OH) 2 D 3 concentrations, conducted with using liquid chromatography in 17 individuals with gigantic obesity, subjected to bariatric surgery, were tenfold higher in subcutaneous abdominal adipose tissue than in sera [34] . Results of the studies provide evidence for a specific natural barrier in the form of subcutaneous adipose tissue, which forms a store of vitamin D, sequesters it and impairs its transport to the circulation and the subsequent metabolic transformations [7] . In turn, studies by Sulistyoningrum et al. reported ethnic differences resulting from the type and contents of adipose cells. Compared to the European population, individuals originating from southern Asia manifested a higher content of visceral adipose tissue, which translated to lower blood concentrations of hydroxycholecalciferol in the investigated group. In cases of analyses (made in the linear regression model) evaluating total content of fat, subcutaneous and visceral adipose tissue in the participants of the study, only the latter manifested a negative correlation with serum concentrations of vitamin D [35] . It is worth noting that in the Norwegian cross-sectional cohort HUNT Study, in 2,000 persons a low serum concentration of 25(OH)D (below 50 nmol/L) was found to manifest correlation with higher frequency of obesity, defined on the basis of BMI [36] .
A significant factor affecting the vitamin D level in the blood of overweight individuals involved the supply of the nutrient in diet. Low consumption of products naturally rich in vitamin D, such as fish, milk, butter and some mushrooms (e.g. chanterelle), results in daily food rations frequently not covering the recommended norms of its consumption (Tab. 1) [11] . The amount of consumed vitamin D-containing products manifests a negative correlation with weight of body fat, incidence of hypertension or glucose intolerance [37] . It should be mentioned that the highest blood concentrations of the vitamin among European nations were detected in Norwegians, manifesting high consumption of sea fish. Studies conducted on 19,000 Norwegians documented, both in men and women, a reciprocal and direct correlation between BMI and supply of vitamin D with diet [38] . Moreover, a specific manner of nutrition, for example, monotonous types of diet characterized by highly repetitive meals may also promote development of deficits in supply of the vitamin in the examined group [39] .
Genetic conditioning. Analyses of a genetic nature provide the opportunity to link modifications in genome structure with epidemiological data. It has been pointed out that alterations in nucleotide sequence (polymorphisms and mutations) within VDR gene result in biological effects, including manifestation of obesity. Polymorphisms related to single nucleotides, in particular those located close to the 3'UTR terminus, represent sites commonly recognized by restriction enzymes (including FokI, BsmI, ApaI or TaqI). The presence or absence of individual sequences provides the source of polymorphism in the gene of vitamin D receptor (Restriction Fragments Length Polymorphism -RFLP) [30] . In studies conducted on a group of Latino women, a FokI polymorphism of VDR gene with the 'ff' genotype was found to be linked to an increased Waist to Hip Ratio (WHR) index among participants, which indirectly pointed to the central distribution of adipose tissue, associated with an unfavorable metabolic profile [40] . Reports by other research centres show that BsmI polymorphism of vitamin D receptor ('BB' genotype) predisposes to higher body weight and elevated BMI index (Tab. 1) [30] .
Clone of genomic DNA for 24-hydroxylase (the enzyme which catalyzes turnover of 1,25(OH) 2 D 3 ) was isolated from the 20th chromosome of the human genome. In parallel, proof was presented that the gene variant located in band 13 of the chromosome long arm represents a risk factor for deficiency of vitamin D. Mutation of the complex GNAS1 locus (20q13) was found to be linked to manifestation of pseudohypoparathyroidism, complicated by the manifestation of obesity. Additionally, the results of independent studies indicate a few various genes responsible for the induction of obesity are located just in this region of the chromosome [41] [42] [43] .
Apolipoprotein E (ApoE) represents a significant factor linked to metabolism and to the concentration of vitamin D. The molecule represents a component of VLDL and HDL cholesterol and it plays a significant role in the transport and metabolism of lipids. The ApoE gene, located on chromosome 19 (19q13.2) , manifests a pronounced polymorphism. Allele ε4 of the ApoE gene represents a commonly known risk factor of multifactorial conditioned diseases, such as cardiovascular disturbances or diabetes mellitus type 2. Among others, the gene conditions higher blood concentrations of total cholesterol or of low density lipoproteins. In contrast to the 'pathogenic' ε4 allele, the ε2 allele manifests a reciprocal effect as it seems to protect against the development of cardiovascular diseases and to promote longevity [44] [45] [46] . However, a report by a group of German scientists on the association of the ε4 allele with elevated levels of vitamin D in blood indicated a strict link between polymorphism of ApoE and metabolism of the above-mentioned vitamin. In parallel, until now, the negatively-regarded allel ε4 proved to represent a protective factor, preventing against deficiency of vitamin D (Tab. 1). The studies were of a pilot character since they were performed on a relatively small group of patients with metabolic syndrome (MetS, 93 individuals), and on a larger general population (699). The observed mean levels of 25(OH)D 3 amounted to, respectively, 47.6 nmol/L in patients with MetS and 44.2 nmol/L in members of the general population. It should be added that 32% of the patients with metabolic syndrome and 28% of the general population carried at least a single ε4 allel. This allele was linked to higher blood concentrations of 25(OH)D 3 compared to persons not carrying the genetic variant [47] . The studies require broader population analyses due to the manifestation of distinctions in deficiency of vitamin D, reflecting, among others, geographic position and season of the year, but they indicate a potential role of genetic polymorphisms in the conditioning of serum vitamin D concentrations.
To-date, no unequivocal solution has been forthcoming on the cause and effect relationships predisposing to hypovitaminosis D in conditions accompanied with an excessive accumulation of adipocytes. An attempt to resolve the problem involved experiments undertaken by Vimaleswaran et al., who conducted bi-directional genetic analyses with randomization involving 21 cohorts, i.e. a total of 42,000 individuals from the UK, Germany, Sweden, Finland, Canada and USA. They encompassed determination of 12 Single Nucleotide Polymorphisms (SNP) responsible for the size of the BMI, and 4 polymorphisms linked to serum concentration of 25(OH)D 3 . Relationships were documented between an increase in BMI and a reduction in serum vitamin D concentration. An increase of BMI by every 1 kg/m 2 resulted in a decrease in concentration of 25-hydroxycholecalciferol by 1.15%. On the other hand, the genetic predispositions which determined the level of vitamin D were not found to correlate with BMI [48] . Thus, the reports pointed to a uni-directional relationship between overweight condition, obesity and hypovitaminosis D. However, several unknown parameters remain to be explained, among others related to bioavailability of the alimentary component, which justifies the necessity to continue studies on this aspect [49] .
Other causes predisposing obese individuals to a deficiency of vitamin D include disturbances in intestinal absorption of the alimentary component. Among others, administration of drugs which normalize lipid metabolism, frequently observed in individuals with excessive body weight, results in inhibited absorption of the vitamin-resembling hormone from the alimentary tract. Accompanying diseases, particularly within the liver and kidneys (organs which actively participate in metabolic turnover of the vitamin) should be taken as an indication to consider the appropriate supplementation. Also, disturbances of a gastroenterologic background (e.g. Lesniowski-Crohn disease) or use of drugs which intensify catabolism of vitamin D (e.g. glycocorticosteroids) may result in its low serum concentration (Tab. 1) [1] .
Independent factors which affect the concentration of vitamin D include age and the melanin content in the skin (Tab. 1). Progressing age was found to reduce dermal synthesis of vitamin D, as well as the amount of 7-dehydrocholesterol required for its production. In persons of an advanced age, the phenomenon is thought to represent the physiological consequence of senescence [2] . Nevertheless, abnormalities in serum concentration of vitamin D are also encountered in other groups, including children and youths. Results of experimental studies conducted on heterogeneous age groups point to the manifestation of deficiencies of the vitamin both in young persons (10 -18 years of age) and in older individuals (over 60 years of age) [50] [51] [52] . In turn, melanin, the compound responsible for skin pigmentation, effectively blocks synthesis of vitamin D in individuals with a dark complexion. Studies conducted by Clemens et al. indicate a reduction (even tenfold) of this process in humans with an increased skin pigmentation [53] . In view of the tendency of aging in most societies of the world, persons particularly exposed to deficiency of vitamin D will include obese individuals at advanced age, particularly those of with dark complexion.
CONCLUSIONS
The correct concentration of vitamin D is of key significance in several diseases, including obesity, and particularly its visceral type. An excessive body weight is thought to represent a significant determinant of a reduced vitamin D concentration in serum. Due to its high metabolic activity, visceral adipose tissue promotes sequestration and alterations in turnover of the vitamin-resembling hormone. In addition, reports are available indicating the effects of vitamin D on the adipogenesis process. The data prove that interrelationships exist between calcitriol and adipose tissue, the excess of which is noted in obesity [7, 20] . Beyond doubt, low serum concentrations of 25(OH)D 3 predispose to manifestation of several disturbances, including hyperglycaemia, hyperinsulinaemia, higher levels of the HOMA-IR index or hypertriglyceridaemia [7, 51] . In a meta-analysis of relationships between concentration of vitamin D and risk for development of metabolic syndrome, diabetes mellitus type 2 and insulin resistance, high levels of the vitamin-resembling hormone were found to manifest a negative correlation with manifestation of the above-mentioned disorders [54] .
Among the factors which determine serum concentration of vitamin D, environmental, genetic conditioning is mentioned, as well as other factors which may participate in the metabolism of the compound [30] . Depending on geographic position, time of day and the season of the year, dietetic supply, age, coexisting diseases and melanin content in the skin, blood concentrations of vitamin D may vary and may differ from values regarded to be a reference.
An important variable involves also modifications of a genetic nature. Depending on the type of genetic variant (genotype), the presence of personal predispositions is also noted to increases in body weight or in content of adipose tissue. Not less significant determinants involve also modifications in the activation and turnover of the vitamin-resembling hormone. Expression of vitamin D receptor and of enzymes catalyzing vitamin D turnover take place in preadipocytes and in adipocytes of humans, while an excessive body weight resulting from a high content of adipose tissue promotes the development of metabolic disorders [2, 11, 30] .
Taking the above into consideration, several independent factors exist which may affect the status of vitamin D in obesity. Care for elimination of the factors which promote Source: own modifications based on [1, 2, 6, 11, [30] [31] [32] 37, [41] [42] [43] 47, 53] deficiencies, including assurance of an appropriate supply of the vitamin-resembling hormone (through sun baths, application of a diet rich in ergo-and cholecalciferol and supplementation) is particularly essential in obese persons in whom degree of adiposity correlates with reduced concentrations of this vitamin in blood.
